To better understand factors that are associated with individuals' engagement in physical activity and other healthrelated behaviors, this study aimed to identify the psychological well-being profiles among Chinese university students, and explore whether engagement in physical activity and other health-related behaviors vary with different psychological well-being profiles. A battery of self-report questionnaires was completed by 2022 Chinese university students for assessing psychological well-being and health-related behaviors. Four psychological well-being profiles were identified. The vast students were mentally healthy. The students with better mental health displayed lower likelihood of engagement in unhealthy behaviors. Findings and implication of the study were discussed.
Introduction
Unhealthy behaviors, including substance use, physical inactivity, and suicide, have become some of the most pressing public health concerns. Physical inactivity accounts for approximately 25 percent of cancer and 30 percent of heart diseases (World Health Organization (WHO), 2009). Substance use, such as smoking, is the leading cause of premature mortality (Centers for Disease Control and Prevention, 2013) . Among college students, suicide is the second leading cause of preventable death (Barnes et al., 2010) . As such, research that identifies the correlates of participation in these unhealthy behaviors could have important public health implications.
Well-being is defined as the extent to which an individual can function positively with respect to mental health (Ryff and Singer, 2008) . Research has indicated that positive well-being (e.g. happiness, life satisfaction) serves as a protective factor against health risk behaviors during the developmental transition (Hoyt et al., 2012) . For example, happier college students were found to be more physically active, reported less consumption of drugs, such as marijuana (Piqueras et al., 2011) , and predicted fewer risky behaviors (Grant et al., 2009) . Meanwhile, researchers also explored how ill-being (e.g. psychological distress and mental health problems) is related to risky behaviors among university students. Past research shows that negative psychological constructs (e.g. depression, hopelessness, and loneliness) are associated with risk-related behaviors, such as drinking (Cranford et al., 2009 ) and marijuana use (Moore et al., 2007) . Cross-sectional evidence has shown that depressed and hopeless individuals are likely to smoke more (Lai and Ma, 2016) , be less physically active (Taliaferro et al., 2009; Tyson et al., 2010) , and have more suicidal thoughts (Hawton et al., 2013) . A cross-cultural study with college students from 21 countries gave support to the negative association between life satisfaction and smoking, suicide, and physical inactivity level (Grant et al., 2009 ). In addition, higher level of loneliness is associated with more frequent substance use (i.e. smoking and drug use), increased risk of suicide ideation, and less physically active (Hawkley et al., 2009; Lasgaard et al., 2011; Stickley et al., 2013 Stickley et al., , 2014 Although psychological constructs have been associated with a variety of unhealthy behaviors, most of the studies have adopted a variable-centered approach when testing such relationships (e.g. Hawton et al., 2013; Stickley et al. 2013) . This might limit the ability to capture the patterns of psychological well-being of individuals (Aldridge and Roesch, 2008) .
Many studies gave support for the co-occurrences of multiple psychological constructs. For example, youth with high hope reported significantly greater life satisfaction than youth with average or low hope (Gilman et al., 2006) . Depressed adults and individuals with high loneliness consistently show low life satisfaction (Proctor et al., 2009) . There is also a strong association between loneliness and depression among young, mid-life, and older adults (Victor and Yang, 2012) . Some researchers have suggested identifying different psychological profiles for a comprehensive understanding of the complex interplay between various psychological constructs (Chan et al., 2011) . For example, Crockett et al. (2006) identified five psychological profiles based on self-regulation, proneness to risk, self-worth, and perceived academic competence. They, in turn, found that those psychological profiles were significantly associated with substance use, engagement in delinquency, and sexual risk-taking. Hoyt et al. (2012) argue that both positive and negative psychological constructs should not be studied in isolation and suggest the need to consider the combination effects on physical health outcomes (Pressman and Cohen, 2005) . In particular, it is likely informative to study the relationship between psychological constructs and unhealthy behaviors by using person-centered approaches. The latent profile analysis (LPA) is recommended to identify different patterns of psychological well-being constructs within a heterogeneous sample (Marsh et al., 2009 ). Compared to the traditional clustering methods, there are several strengths of this approach. First, it provides us with a more objective way to decide the optimal number of class membership by assessing several fit indices from competing models (Pastor et al., 2007) . Second, it explores the homogeneous pattern of response on specified variables based on a probability of membership in each subgroup (Muthén and Asparouhov, 2007) . Finally, unlike the traditional variable-centered approaches, this method improves statistical inference by identifying the latent subgroups and modeling the measurement error in the observed indicators by using the observed indicators (Sterba and Bauer, 2010; Vermunt, 2008) .
As mentioned earlier, individuals' well-being should be seen as a combination of multiple psychological constructs. This study sought to extend the literature by exploring the psychological well-being profiles exhibited by a sample of Chinese university students and by assessing qualitative differences in their health behaviors based on their class memberships. The findings of the study shed light on identifying which psychological well-being profile is deemed vulnerable and designing appropriate intervention or program to grapple with unhealthy behaviors (e.g. smoking, drinking).
Methods

Participants
Data were collected through a non-credit-bearing healthy lifestyle program at a public university in Hong Kong. Before the program, participants were asked to complete a physical fitness test in a large auditorium in August 2014. Once they finished the fitness test, they were invited to complete the survey in a quiet and private place. Participants were 2022 Chinese university students (male: n = 965, 47.7%; female: n = 1057, 52.2%). The mean of age was 18.73 (standard deviation (SD) = 1.29). Most of them were Chinese (n = 1896, 94%), freshmen (n = 1952, 96.7%), and lived off-campus (n = 1316, 65.5%). Written informed consent was sought from the participants. This study obtained ethical approval from the University Review Board.
Measures
Happiness. Happiness was measured by the WHO-5 WellBeing Index (Topp et al., 2015) . The scale has been well validated and used in different cultures (Topp et al., 2015) . Participants were invited to indicate their judgment of their feeling over the past 2 weeks using a 6-point Likert-type scale, with a higher score indicating a higher level of positive well-being. The internal consistency of the scale was adequate (α = .81).
Life satisfaction. Life satisfaction was measured by the Satisfaction with Life Scale (Diener et al., 1985) . The scale comprises five items. Participants were invited to indicate their judgment of their quality of life using a 6-point Likerttype scale, with a higher score indicates a higher level of life satisfaction. The internal consistency of the scale was satisfactory (α = .75).
Hopelessness. Hopelessness was measured by the Chinese version of 5-item Hopelessness Scale (Shek, 1993) . Responses were indicated on a 6-point scale ranging from 0 (not present) to 5 (constantly present). This scale has been used in many studies with Chinese samples (e.g. Lai and Ma, 2016) . The internal consistency of the scale was satisfactory (α = .75).
Depression. The depressive symptoms were measured by Patient Health Questionnaire-9 (Spitzer et al., 1999) . Previous work has supported the construct validity and reliability of this scale (Yu et al., 2012) . Responses were provided on a 4-point Likert-type scale, ranging from 0 (not at all) to Loneliness. Loneliness was measured by the UCLA Loneliness Scale (ULS-8; Hays and DiMatteo, 1987) . This scale was validated for Chinese culture (Wu and Yao, 2008) . Responses were provided on a 6-point Likert-type scale, ranging from 1 (strongly disagree) to 6 (strongly agree). The internal consistency of the scale was good (α = .86).
Substance use and suicide. Four items were used to ask the frequency of substance use, including (1) cigarette, (2) marijuana, (3) methamphetamine, and (4) other illegal drugs over the past 3 months. One item was used to ask the frequency of having suicidal thoughts over the past 3 months. Responses ranged from 0 = never in my lifetime, 1 = never in the past three months, 2 = once in the past three months, 3 = two to three times in the past three months, 4 = one to two times per week, 5 = three to four times per week to 6 = more than five times per week.
Physical inactivity. One item was used to ask the frequency of participation in moderate-to-vigorous, minimum 30-minute physical activity (e.g. jogging, swimming, cycling, and playing basketball) over the past 7 days. Responses ranged from 0 (never) to 7 (over 7 times).
Demographic information. Participants were asked to report their age and gender (male = 0; female = 1).
Data analysis
Before performing the LPA, all measures were validated through a series of confirmatory factor analysis (CFA). Several fit indices were used to test how well the models fit the data, including the comparative fit index (CFI), the Tucker-Lewis index (TLI), the standardized root mean square residual (SRMR), and the root mean square error of approximation (RMSEA). The following criteria were adopted to determine whether the model was acceptable: values of CFI and TLI greater than .90 or above (Kline, 2005) and values of RMSEA and SRMR below .08 and .06, respectively (Hu and Bentler, 1999) .
For LPA, different profile models (1 group to 5 groups) were tested to explore the best fitting model (i.e. the most appropriate number of latent groups). To choose the best fitting model, several indices were used, including Akaike's (1987) Information Criterion (AIC), Schwarz's (1978) Bayesian Information Criterion (BIC), and the adjusted BIC (ABIC). For all indices, lower values suggest a better fit of the data. The Lo-Mendell-Rubin likelihood ratio test (LMRT; Lo et al., 2001 ) was used to compare the models of k-class and k-1 class (Wang and Wang, 2012) . Significant p values (p < .05) indicate a better fit of the k-class model than that of the k-1 class model. Also, entropy was examined to assess how well the latent classes of individuals are classified based on posterior class membership probabilities (Clark, 2010) . High values of entropy indicate better classification. The statistics were examined to determine the final model. The maximum likelihood estimation with robust standard errors (MLR) was used to estimate model parameters. Once the optimal latent class solution is selected, age and gender were tested as covariates in the "AUXILIARY" statement in Mplus version 7.4 (Asparouhov and Muthén, 2013; Muthén 1998-2007) . Similar to a multinomial logistic regression model, this method would not affect latent class classification (Wang and Wang, 2012) . To avoid local maxima, all models were estimated with 2000 random sets of starting values and 500 iterations (Hipp and Bauer, 2006; Pastor et al., 2007) . Also, z-scores of the psychological well-being variables were computed to interpret the latent class membership from a theoretical perspective. The covariance coverage exceeds the minimum threshold (ranging from .925 to .998; Muthén and Muthén, 2010) .
To test any differences in problem behaviors based on the class membership-dependent variables, logistic regressions were used to determine whether these latent classes differed on problem behaviors (i.e. smoking, drinking, drug use, physical activity level, and suicide) via SPSS version 23. Odds ratio together with the corresponding 95 percent confidence interval (CI) are used as estimates of effect measures.
Results
The factor structure of depression, life satisfaction, and hopelessness has been supported in the previous study (Lai and Ma, 2016) . The one-factor model of loneliness did not fit the model (χ 2 (20) = 1050.214; p < .01, RMSEA = .16 (90% CI = .15-.17), CFI = .86, TLI = .80, SRMR = .06). Three pairs of error covariance were suggested to be correlated as was reflected by the high values of the modification indices (ranging from 162.93 to 484.48). These parameters were set free in the modified model, which fitted the data better (χ 2 (17) = 233.742; p < .01, RMSEA = .08 (90% CI = .07-.09), CFI = .97, TLI = .95, SRMR = .03). Similar results were shown in the one-factor model of happiness with a pair of error covariance (χ 2 (17) = 84.536; p < .01, RMSEA = .10 (90% CI = .08-.12), CFI = .99, TLI = .96, SRMR = .02). The internal consistency of these variables was acceptable. All variables were significantly related (p < .01, see Table 1 ).
Identification of the number of latent class
The 4-class solution fitted the data better compared to 1-and 2-class solutions, as indicated by the lower values of AIC, BIC, and ABIC. In terms of the p value of the two ratio tests (Vuong-Lo-Mendell-Rubin likelihood ratio (VLMR) and Lo-Mendell-Rubin adjusted (LMR-A)), no statistical significance was found between 3-and 4-class solutions. However, high entropy value for the 4-class solution, indicating 4-class solution, provided a better-fitting model. In addition, the average latent class probability for the most likely latent class membership by latent class discrimination showed acceptable fit (above .70 in the diagonal values and below .10 in the offdiagonal values; Muthén 1998-2001) . The 5-class solution, despite its acceptable values of the information indexes (AIC, BIC, ABIC, VLMR, LMR-A, bootstrapped likelihood ratio test (BLRT), and entropy), was rejected as two classes had less than 4 percent of cases (Table  2) . Therefore, a 4-class solution was deemed optimal.
According to the participants' profiles, students in Class 1(the least mentally healthy group) showed negative psychological well-being (above average in hopelessness, loneliness, and depression, below average in happiness and life satisfaction). They demonstrated high levels of hopelessness (M = 2.20, standard error (SE) = .06), loneliness (M = 3.16, SE = .08), and depression (M = 1.58, SE = .07) and low levels of happiness (M = 1.91, SE = .27) and life satisfaction (M = 1.65, SE = .21). Students in Class 2 (normative group) were normative (average in all psychological well-being variables). They showed moderate levels of happiness (M = 3.08, SE = .06) and life satisfaction (M = 2.88, SE = .07) and low levels of loneliness (M = 2.61, SE = .06), depression (M = 1.05, SE = .05), and hopelessness (M = 1.03, SE = .08). Students in Class 3 (the most mentally healthy group) showed good psychological well-being with highest levels of happiness (M = 4.03, SE = .06) and life satisfaction (M = 3.92, SE = .06) and lower levels of hopelessness (M = 0.05, SE = .05), loneliness (M = 2.37, SE = .02) and depression (M = 0.61, SE = .04). Students in Class 4 (moderately mentally healthy group) showed moderate levels of happiness (M = 3.73, SE = .05) and life satisfaction (M = 3.73, SE = .05) and highest levels of hopelessness (M = 2.40, SE = .31), loneliness (M = 3.19, SE = .09), and depression (M = 1.60, SE = .07). The latent profile means for psychological wellbeing by each outcome for each class are shown in Table 3 . The z-scores of all four latent classes are shown in Figure 1 .
Gender was a significant demographic covariate in predicting class membership. Compared to males, females had lower odds of being in Class 1 (the least mentally healthy group, β = −.24, SE = .08, p < .01), Class 3 (mostly mentally healthy group, β = −.44, SE = .14, p < .01), and Class 4 (moderately mentally healthy group, β = −.61, SE = .20, p < .01). This significant demographic effect was not found in age (p > .05). Logistic regression was used to test the differences in the health-related behaviors (smoking, substance use, engage in physical activity, and suicide) between each class. Results showed that students in Class 4 reported higher odds in smoking (2.74 times), substance use (22.57 times), physical inactivity (2.32 times), and suicide attempts (2.85 times) compared to Class 2 (reference group). Class 3 students reported lower odds in suicide attempts (0.32 times) and physical inactivity (2.32 times). Class 1 students reported significantly higher odds in suicide attempts (4.04 times). All logistic regression results are shown in Table 4 .
Discussion
To date, little research has been done to empirically identify subgroups of psychological well-being among a sample of Chinese university students by employing a latent profile approach. This study attempted to fill this research gap and to elucidate how these distinct subgroups differed in terms of the problem behaviors. In this study, four distinct classes were found. Class 2 (normative group) was the largest of all the classes and was marked by moderate levels of happiness, loneliness, and depression and lower levels of hopelessness and life satisfaction. Class 3 (the most mentally healthy group) had the second highest proportion of students with highest levels of positive well-being (happiness and life satisfaction) and lowest levels of negative well-being (hopelessness, loneliness, and depression). This showed that the majority of Chinese young adults were mentally healthy. Class 4 (moderately mentally healthy group), comprised 14 percent of the university students, reported higher levels of hopelessness, loneliness, and depression and a moderate level of happiness and life satisfaction. Finally, Class 1 (the least mentally healthy group), comprised 10 percent of the university students, reported highest levels of hopelessness, loneliness, and depression and lowest levels of happiness and life satisfaction. The current findings are aligned with a recent study by Ling et al. (2015) , who found three latent classes when studying Chinese adolescents' emotional and behavioral problems. The presence of these four distinct groups provides evidence for the limitations of the two-group (i.e. healthy and unhealthy) traditional medical model (e.g. Suldo and Shaffer, 2008) and elucidates the heterogeneity of psychological well-being among a sample of Chinese young adults. Our study demonstrates the importance of using a person-centered approach when studying the well-being of individuals.
Another purpose of this study was to explore how students of different latent classes differ in their health-related behavior. Consistent with the past research (Piqueras et al., 2011) , both mentally healthy groups (Classes 2 and 3) were less likely to engage in problematic behaviors and adopt an active lifestyle and such results are. Students in these two groups were happier and more optimistic and had fewer negative psychological outcomes and depressive symptoms. This made them less likely to engage in unhealthy behaviors and physical inactivity.
Compared to the students in Classes 2 and 3, students with higher scores of loneliness and depressive symptoms (Classes 1 and 4) were more likely to engage in unhealthy behaviors. This is in line with prior research showing the linkages between poor psychological health outcomes and unhealthy behaviors, such as smoking (e.g. Mykletun et al., 2008) , suicide attempts (Kisch et al., 2005) , and substance use (Goodwin et al., 2014) . In particular, psychological distress in early adulthood predicts the onset of later psychological distress and substance use (Marmorstein et al., 2010; Weitzman, 2004) . Given that most of the research exploring the relationship between psychological wellbeing and unhealthy behaviors has been predominantly conducted in western countries, this study extends the literature to a new population. Despite the presence of negative psychological well-being (depression, hopelessness, and loneliness), Class 4 students were happier and more optimistic than their Class 1 counterparts. It is noteworthy that this group exhibited a higher likelihood of smoking and suicidal behaviors. This suggests that practitioners need to focus more on this subgroup when designing campus-based mental health programs.
To date, few studies have simultaneously explored the effects of both positive and negative well-being on healthrelated behaviors using a person-centered approach. Four distinct profiles of psychological well-being were found, ranging from less vulnerable to very vulnerable to mental health problems. Our findings of the co-occurrence of positive and negative affect support the theory that these aspects are a continuum rather than two distinct dimensions (Headey, 2006) . This study provides practical implications for educators and counselors in tertiary education. In this transition period, college students may suffer from stress related to academic and social demands of their new environment (Misra and Castillo, 2004) . They are likely to engage in unhealthy behaviors to relieve their stress (Gehricke et al., 2007) . In particular, negative psychological well-being has also been linked to the risk of multiple problem behaviors, including substance use (Haardörfer et al., 2016) , physical inactivity (Leslie et al., 2001) , and suicidality (Weber et al., 1997) and was evidenced in our study. The results from this study highlight the importance of raising the mental health literacy among college students, who are less likely to seek treatment due to the possible social stigma (Eisenberg et al., 2011) . Perhaps, more efforts to improve college students' knowledge of mental health and to reduce the risks leading to the problem behaviors are warranted.
Nevertheless, the limitations of this study should be noted. Our findings were based on Hong Kong Chinese university students. To assess the generalizability of the current findings, future study should be conducted in other Chinese societies. The study was based on a cross-sectional design; therefore, causal conclusion cannot be concluded. Further longitudinal investigation of the stability of the patterns of multiple psychological well-being outcomes throughout the college years is recommended.
Despite the above limitations, there are several strengths in this study. First, a large sample was used in the study. Second, a person-centered approach was used to discern the patterns of psychological well-being among Chinese university students. Third, the present findings extended the literature in understanding how different latent groups are related to health-related behaviors. Finally, well-validated scales of psychological well-being have been used. The uniqueness of this study was the use of a person-centered approach that uncovered the distinct psychological wellbeing profiles and model measurement errors (Collins and Lanza, 2010) . Findings from this study extended the literature by providing a descriptive picture of young adults' psychological well-being at this transition period. It allows health providers to tailor specific and successful intervention programs or counseling services to meet the needs of this target group (Wilcox et al., 2010) .
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